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7 (57) Abstract: Provided are means and methods for obtaining plants from the family Brassicaceae, particularly plants from the 
genus Brassica and closely related genera, with altered floral development by providing plants with a chimeric gene, characterized 
£^ in that upon introduction into the genome of a plant of the family Brassicaceae of the chimeric gene the phenotypic expression of a 
^* target B-type floral organ identity gene is reduced selectively in whorl 2. 



(54) Title: BRASSICACEAE WITH ALTERED FLORAL DEVELOPMENT 
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Brassicaceae with altered floral development. 



Field of the invention 

5 The present invention relates to means and methods for obtaining plants from the 
family Brassicaceae, particularly plants from the genus Brassica and closely 
related genera, with altered floral development. More particularly the present 
invention relates to means and methods for genetically modifying Brassicaceae 
plants in such a way that resulting transgenic plants exhibit altered flowers 

10 wherein only one whorl of floral organs is affected. The invention also relates to 
Brassicaceae plants having two whorls of sepals or sepaloids and no whorl of 
petals while displaying a developmental^ normal whorl of stamens. 

Background 

15 The agricultural interest in Brassicaceae plants, particularly Brassicaceae plants 
grown for oil production, such as oilseed rape, which develop flowers without 
petals, has been spurred by the observation that senescent petals from oilseed 
rape plants falling on and around the plants are ideal nursery sites for the 
development of spores of certain fungi, such as e.g. Sclerotinia sclerotiorum. 

20 This fungus is responsible for significant damages in oilseed rape cultures 
(Lamarque, 1983). By depriving the sclerotinia spores from their initial food 
source, the risk of disease development is greatly reduced. 

In addition, the floral canopy of oilseed rape compromises the yield potential of 
25 the crop as the transmission of the photosynthetically active radiation to the leaf 
canopy is significantly reduced during anthesis. Studies have determined that the 
petals absorb 64% and reflect 14% of the photosynthetically active radiation 
(Fray etal., 1996; Rao et al. 1991). 

30 Brassicaceae plants having flowers without petals ("apetalous Brassicaceae 
plants" ) have been described in the art. 
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The apetalous character of Brassica napus variant N-o-112 is controlled by two 
major genetic loci and a third modifying locus. These three loci have been 
introgressed into a commercial cultivar using marker assisted backcrossing 
(Robinson et al., 1999) 

5 

HyLite201 is a commercial apetalous canola variety reported to have a significant 
reduced incidence of Sclerotinia infection and disease symptom development 
when compared to untreated conventional varieties. 

10 The published PCT patent application "WO" 99/15679 describes a petal-specific 
promoter and a method for obtaining plants without petals by introducing into the 
plants a chimeric gene comprising a cytotoxine encoding open reading frame 
under the control of the petal-specific promoter. 

15 WO 99/64599 describes expression of the Cyclin dependent kinase inhibitor 
ICK1 coding sequence under control of the APETALA3 promoter to produce 
Arabidopsis plants with modified petals and/or with male sterility. 

Two major problems, both resulting in a poor pollination and consequently lower 
20 seed yield, are associated with Brassicaceae plants or Brassica plants having 
flowers without petals. On the one hand, the absence of one whorl of floral 
organs results in more fragile flowers, which easily fall apart. On the other hand, 
the absence of the petals results in "holes" between the sepals since sepals and 
petals are placed alternately in a wild type Brassicaceae or Brassica flower. 
25 Insects can easily reach the nectaries through, this* holes rather than reaching the 
nectaries from the top of the flower and consequently less pollen is spread by 
insects feeding on the apetalous flowers. 

Brassicaceae plants having flowers without petals, but wherein the petals have 
30 been replaced by other floral organs, have also been described in the art. 
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In Arabidopsis thaliana. homeotic mutations Wre discovered that result in the 
development of abnormal flowers in which one type of flower part is replaced by 
another. These mutations identify the floral organ identity genes. The homeotic 
floral mutations in Arabidopsis fall into three classes, each of which affects the 
5 organs of two adjacent whorls. 

The mutant phenotypes can be explained using the so-called ABC model of gene 
activity of the floral organ identity genes. Briefly, the ABC model can be explained 
as follows. 

10 

A flower is composed of four concentric whorls of structures which reflect the 
arrangement of the floral organ primordia in the floral meristem. The sepals 
(whorl 1) form from the outermost ring of meristem tissue and the petals (whorl 2) 
form from a ring of tissue lying immediately inside it:' An inner ring of tissue gives 
is rise to the stamens (whorl 3). The female reproductive organs -the carpels (whorl 
4)- develop from the center of the meristem. 

The floral meristem can also be divided into three overlapping regions A, B and 
C, whereby region A covers whorls 1 and 2; region B covers whorls 2 and 3 and. 

20 C covers whorls 3 and 4. Three regulatory functions -a, b and c- function in the 
regions A, B and C and combinatorially give each whorl a unique identity. In 
addition a function inhibits c function in whorls 1 and 2 and c function inhibits a 
function in whorls 3 and 4. Function a corresponds to the activity of a function 
genes such as APETALA2 and APETALA1 , b to APETALA3 and PISTILLATA, 

25 and c to AGAMOUS. Sepals require APETALA1 and APETALA2 (APETALA2 is 
expressed in all whorls, but acts in organ identity specification only along with the 
APETALA1 gene whose expression is limited V Whorl 1 and 2); petals require a 
combination of APETALA1 and APETALA2 together with APETALA3 and 
PISTILLATA; stamens require APETALA3 and PISTILLATA with AGAMOUS; 

30 and carpels require AGAMOUS alone. Mutations that alter the pattern of 
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expression of one or more of these genes result in differing patterns of 
expression of the others and homeotic transformations of the floral parts. 

The following homeotic flower mutants have flowers without petals: 
5 apetala2 :The floral phenotype of the ap2 allelic series may be summarized as 
follows: the first whorl organs from leaf-like to carpels ; second whort organs may 
vary from staminoid organs (weak ap2-1 allele) to failure of the organs to develop 
(strong ap2-2 allele). 

apetala3 or pistillata mutant: has flowers with the following whorls: sepal, sepal, 
10 carpel, camel. 

apetala3/pistillata double mutant: has flowers with the following whorls: sepal, 
sepal.carpel, carpel. 

apetala2/apetala3 double mutant: has flowers with the following whorls: double 
mutant carpel, carpel, carpel, carpel. 

15 

In the absence of all three classes of genes, the flower consists of whorls of 
identical leaf-like organs. Addition of a function genes to the ground state results 
in all sepals, while addition of c function to the ground state gives all carpels. 
Addition of both a and c functions results in flowers with half-flower phenotype 
20 sepal, sepal carpel, carpel. 

Recently, (Pelaz et al, 2000) it has been shown that B and C floral identity 
functions require MADS-box genes SEPALLATA 1/2/3 for their proper functioning. 
Honma and Goto (2001 ) demonstrated that the class B proteins of Arabidopsis, 
25 PISTILLATA and APETALA3, interact with APETALA1 and AGAMOUS through 
SEPALLATA3. 

W093/21322 describes a method for controlling the morphogenesis of plant 
organs which comprises causing the underexpression of a homeotic gene 
30 responsible for determining the identity of the .pl.anjt .organ in object. Particularly, 
petunia flowers are converted to define petals with sepaloid characters by 
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introducing a transgene construct corresponding to the green petal gene of this 
application under control of a promoter that shows expression in the second 
whorl of flowers. 

WO 94/00582 describes a method for obtaining plants with altered flower 
morphology characterized in that the plants havli a recombinant polynucleotide 
integrated into their genome, essentially comprising an inhibitory gene which 
upon proper expression in the floral meristem cells is capable of inhibiting the 
development and determination of floral primordia into petal and/or stamen 
primordia. In a preferred embodiment, the inhibitory gene is an antisense or 
sense/co-suppression gene directed against a MADS box target gene, 
particularly target genes encoding the fbpl or fbp2 proteins as disclosed therein 
or proteins which are homologous therewith. In another embodiment, the 
promoter of the recombinant polynucleotide comprises a MADS box gene 
promoter, preferably of the B-type. 

Although the above mentioned plants with homeotic mutations would not 
necessarily suffer from the problems mentioned above in connection to apetalous 
Brassicaceae plants, other problems are associated with the use of these plants. 
In particular, the spontaneous homeotic mutations are recessive alleles, thereby 
complicating the maintenance of the phenotype, particularly in hybrid 
Brassicaceae plants. 

Moreover, inactivation of the floral organ identity genes as described, either by 
mutagenesis or using a transgenic approach, to replace petals by sepals or 
sepaloids, affects more than one whorl of floral organs, resulting in reproductive 
problems, particularly male-sterility. 

The prior art is thus deficient in providing methods and means for obtaining 
Brassicaceae plants which have a dominant allele, the expression of which 
results in firm, closed flowers without petals, without affecting floral organs of 
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another whorl, particularly without affecting the reproductive organs of the 
flowers. 

The current invention has solved these and other problems as set forth 
5 hereinafter in the various embodiments, as well as in the claims. 

Summary of the invention 

The invention provides a method for obtaining a plant from the family 

10 Brassicaceae, such as but not limited to a plant from the genus Brassica or a 
closely related genus, or oilseed rape, with altered floral morphology comprising 
the steps of introducing into a cell of that plant a B-type floral organ identity 
specific chimeric gene to generate a transgenic cell; and regenerating a 
transgenic plant from that transgenic cell, characterized in that the B-type floral 

15 organ identity specific chimeric gene is capable of reducing or inhibiting the 
phenotypic expression of a target B-type floral organ identity gene selectively, or 
exclusively in the whorl 2 of a flower or flower primordia of transgenic plants and 
that the flowers of the transgenic plant have an additional whorl of sepals or 
sepaloids; no whorl of petals; and a whorl of functional stamens when compared 

20 to flowers of normal untransformed plants, or characterized in that the B-type 
floral organ identity specific chimeric gene comprises i a promoter of an A-type 
floral organ identity gene, or a promoter from APETALA1 or a gene homologous 
to APETALA1, such as but not limited toa promoter of an A-type floral organ 
identity gene comprising the nucleotide sequence of SEQ ID No 3 or SEQ ID No 

25 4. Alternatively, the B-type floral organ identity specific chimeric gene comprises 
comprises a promoter directing transcription of selectively, preferably exclusively 
in whorl 2 of flowers or flower primordia when introduced into cells of plants of the 
genus Brassica, such as but not limited to a modified promoter from the 
APETALA 3 gene from Arabidopsis thaliana, or a promoter comprising the 

30 nucleotide sequence of SEQ ID No 5 from the nucleotide at position 1 to the 
nucleotide at position 152 and the nucleotide sequence of SEQ ID No 5 from the 
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nucleotide at position 462 to the nucleotide position at position 751 witr 
provisio that it does not comprise the nucleotide sequence of SEQ ID No 5 
the nucleotide at position 198 to the nucleotide at position 461. 



In one embodiment of the invention the B-type floral organ identity specific gene 
comprises a first nucleotide sequence having at least 70% sequence identity to a 
part of at least 25 consecutive nucleotides of the nucleotide sequence of a target 
B-type floral organ identity gene of the target plant excluding the sequence 

10 encoding the MADS box, which may be selected from the group of APETALA3, 
PISTILLATA, a gene homologous to APETALA3 and a gene homologous to 
PISTILLATA; or comprising a first nucleotide sequence having at least 70% 
sequence identity to the complement of a part of at least 25 consecutive 
nucleotides of the nucleotide sequence of a target B-type floral organ identity 

is gene of that plant. 

In another embodiment of the invention, the B-type floral organ identity specific 
gene comprises a first nucleotide sequence having at least 70% sequence 
identity to a nucleotide sequence of at least 25 consecutive nucleotides selected 

20 from the group consisting of the nucleotide sequence of SEQ ID No 1, the 
nucleotide sequence of SEQ ID No 2, the complement of the nucleotide 
sequence of SEQ ID 1 and the complement of the nucleotide sequence of SEQ 
ID 2. Optionally, the B-type floral organ identity specific chimeric gene comprises 
a second nucleotide sequence having at least 70% sequence identity to a part of 

25 at least 25 consecutive nucleotides of the nucleotide sequence of a target B-type 
floral organ identity gene of the plant or complementary to that nucleotide 
sequence of the target B-type floral organ identity gene of the plant (excluding 
the sequence encoding the MADS box), and wherein the RNA molecule 
generated upon transcription of the B-type floral organ identity gene-silencing 

30 chimeric gene is capable of forming a double-stranded region between the 
regions of the transcribed RNA molecule transcribed from the first and second 
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nucleotide sequence. Optionally, a spacer region, which may comprise an intron, 
is comprised between the first and second nucleotide sequence. 

1 . In another embodiment, the invention provides a DNA molecule comprising a 

5 B-type floral organ identity specific chimeric gene, characterized in that upon 
introduction into the genome of a plant of the family Brassicaceae of the B- 
type floral organ identity specific chimeric gene, that B-type floral organ 
identity specific chimeric gene is capable of reducing or inhibiting the 
phenotypic expression of a target B-type floral organ identity gene selectively 

10 in whorl 2 of a flower or flower primordia and that flowers of that transgenic 
plant have an additional whorl of sepals or sepaloids; no whorl of petals; and 
a functional whorl of stamens when compared to flowers of normal 
untransformed plants, or characterized in that the B-type floral organ identity 
specific chimeric gene comprises a promoter of an A-type floral organ identity 

15 gene, such as a promoter from APETALA1 or a gene homologous to 
APETALA1, which may comprise the nucleotide sequence of SEQ ID No 3 or 
SEQ ID No 4. Alternatively, the B-type floral organ identity specific chimeric 
gene comprises a promoter directing transcription of selectively, or exclusively 
in whorl 2 of flowers or flower primordia when introduced into cells of plants of 

20 the genus Brassica, such as but not limited to a modified promoter from the 
APETALA 3 gene from Arabidopsis thaliana, comprising the nucleotide 
sequence of SEQ ID No 5 from the nucleotide at position 1 to the nucleotide 
at position 152 and the nucleotide sequence of SEQ ID No 5 from the 
nucleotide at position 462 to the nucleotide position at position 751 with the 

25 provisio that it does not comprise the nucleotide sequence of SEQ ID No 5 
from the nucleotide at position 198 to the nucleotide at position 461. 

In yet another embodiment of the invention, a plant from the family Brassicaceae, 
such as a plant from the genus Brassica or a closely related genus, or oilseed 
30 rape, comprising a DNA molecule having a B-type floral organ identity specific 
chimeric gene according to invention integrated into the genome of the cells of 
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that plant is provided as well as seeds including crushed seed of that plants 
which comprise the chimeric genes of the invention. 

Also provided by the invention is the use of a DNA molecule having a B-type 
floral organ identity specific chimeric gene according to invention to obtain a plant 
of the family Brassicaceae with altered flowers having an additional whorl of 
sepals or sepaloids; no whorl of petals; and a functional whorl of stamens when 
compared to flowers of normal untransformed plants. 



WO 02/29028 PCT/EP01/1 1397 

10 

Detailed description of preferred embodiments 

The current invention is based on the observation that the introduction into a 
plant of the Brassicaeae family, such as oilseed rape or Arabidopsis plants, of a 
5 chimeric gene capable of reducing the expression of an endogenous B-type floral 
organ identity gene selectively in whorl 2, i.e. the whorl which would normally 
develop into petals in non-transgenic plants results in transgenic plants having 
flowers wherein the petals have a sepaloid character or are converted into an 
additional whorl of sepals, without affecting the development of functional 
10 stamens. These transgenic plants thus posses a dominant allele which when 
expressed results in compact flower buds with two rows of sepals or sepaloids 
and no petals but otherwise normal flowers. 

In one embodiment of the invention, a method is provided for obtaining a plant 
15 from the family Brassicaceae with altered floral morphology comprising the 
following steps: 

a. introducing a chimeric gene capable of reducing or inhibiting, selectively in 
the whorl of petals, the phenotypic expression of a floral organ identity 
gene of the B-type (a "B-type floral organ identity specific chimeric gene") 

20 into a cell of the plant to generate a transgenic cell; and 

b. regenerating a transgenic piant from said transgenic cell. 

Flowers of said transgenic plant have an additional whorl of sepals or a whorl of 
petals with sepaloid character, no whorl of petals; and a whorl of functional 
stamens, when compared to flowers of normal untransformed plants. 

As used herein "a plant with altered floral morphology", or "a double sepaloid 
plant" refers to a plant wherein the petals, jo%t|ie flower exhibit a sepaloid 
character (e.g. wherein petals are greener and/or shorter than in wild type 
plants), or wherein the whorl of petals has been replaced by a whorl of sepals. In 
30 other words, flowers have an additional whorl of sepaloids or sepals. The double 
sepaloid flowers according to the invention have a functional whorl of stamen, i.e. 



WO 02/29028 



PCT/EP01/11397 



11 

are capable of producing a sufficient amount of pollen to cross-pollinate another 
plant. Preferably, the stamen of the altered flowers are morphologically 
indistinguishable from stamen of wild type flowers; ^epaloid" can also be used to 
indicate petals with sepaloid character as described herein. 

As used herein, a "B-type floral organ identity specific chimeric gene" is a 
chimeric gene which, when introduced into a plant of the family of the 
Brassicaceae, such as but not limited to a plant of the genera Brassica, 
Arabidopsis or a closely related genus, is capable of reducing or inhibiting 
selectively or exclusively, in the whorl of petals (whorl 2) the phenotypic 
expression of a floral organ identity gene having a b function as described above 
in the ABC model, such as the Arabidopsis genes APETALA3 and PISTILLATA 
or the homologous genes from plants of the genus Brassica, such as the genes 
isolated from Brassica napus homologous to APETALA3 and PISTILLATA which 
comprise the nucleotide sequences of SEQ ID No 1 or 2, respectively. 

For the purpose of this invention a "B-type floral organ identity gene" is a floral 
organ identity gene comprising a MADS box, having a b function in the ABC 
model, such as the Arabidopsis genes APETALA3 and PISTILLATA or the 
homologous genes from plants of the genus Brassica, such as the genes isolated 
from Brassica napus homologous to APETALA3 and PISTILLATA which 
comprise the nucleotide sequences of SEQ ID No 1 or 2, respectively. 

"Selective reducing or inhibiting of the phenotypic expression" of a floral identiy 
gene having a b function as used in the context of this invention indicates that the 
reduction of the phenotypic expression of the B-type floral organ identity gene 
(and concurrent conversion of petals into sepals) occurs predominantly in whorl 2 
resulting in conversion of petals into sepaloids or sepals, while possible reduction 
of phenotypic expression of the target B-type floral organ identity gene in other 
whorls, or even in other parts of the transgenic plant, results only in small or no 
phenotypic differences, which are irrelevant a practical level. The phenotypic 
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expression may however be reduced or inhibited exclusively in whorl 2 of a 
flower. 

It goes without saying that "reducing or inhibiting" does not necessarily mean that 
5 the phenotypic expression of the target floral organ identity gene is abolished for 
a 100%. Rather, "reducing or inhibiting" relates to a level of phenotypic 
expression which is lower than the level of phenotypic expression of the target B- 
type floral organ identity gene in the whorl of untransformed control plants. 
Different levels of reduction or inhibition of the phenotypic expression of a B-type 
10 floral organ identity gene may be reflected in the degree of conversion of the 
petal into a sepaloid or sepal, as indicated above. 

It will also be clear that within a population of different transformed plants, 
representing a number of independent transformation events, such different 
15 degrees of conversion may be represented. However, the person skilled in the 
art, would be perfectly able to select the transformed plants or plant lines with the 
desired phenotypes. 

The phenotypic expression of a B-type floral organ identity gene of a plant from 
20 the family Brassicaceae may conveniently be reduced or inhibited using 
antisense RNA encoding chimeric genes and/or sense RNA encoding chimeric 
genes (cosuppresion). 

In one embodiment of the invention, the B-type floral organ identity specific 
25 chimeric genes comprise a first nucleotide sequence having at least about 70% 
sequence identity to a part of at least about 25 consecutive nucleotides ("nt") of 
the nucleotide sequence of the B-type floral organ identity gene present in the 
plants ("target B-type floral organ identity gene") or to the complement of that part 
of the sequence. However, longer parts, comprising at least about 50 nt, or at 
30 least about 100 nt, or at least about 250 nt, or at least about 500 nt, or longer can 
equally be used. Similarly, it goes without saying that the first nucleotide 
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sequence may have higher sequence identity to the mentioned part of the target 
B-type floral organ identity gene, such as at least about 80% sequence identity, 
or at least about 90% sequence identity, or about 100% sequence identity, or be 
identical to the mentioned part of the target B-type floral organ identity gene or 
5 the complement thereof. 

Nevertheless, in view of the presence of conserved nucleotide sequences 
encoding the conserved MADS boxes in B-type floral organ identity genes, it is 
preferred that the nucleotide sequences of the target B-type floral organ identity 
10 genes do not comprise the nucleotide sequences encoding the MADS box. 

The terms "MADS box" is used within its normal meaning in the art, i.e. the 
MADS box refers to the conserved domain of about 56 amino acid residues 
found in a number of transcription factors and which has the following consensus 
15 pattern: R-x-[RKJ-x(5)-l-x-[DNGSK]-x(3)-[KR]-x(2)-T-[FY]-x-[RK](3)-x(2HI-IVM]-x- 
K(2)-A-x-E-[LIVM]-[STA]-x-L-x(4)-[LIVM]-x-[LIVM](3)-x(6)-[LIVMFl-x(2)-[FYl 
(Wisconsin Package Version 10.1 Genetics Computer Group, Madison, 
Wisconsin). 

20 When the nucleotide sequence of the target B-type floral organ identity gene 
endogenous to the Brassicaceae plant of interest, or a substantial part thereof, is 
known, the design of the B-type floral organ identity specific chimeric genes 
according to the above mentioned scheme is straightforward. Nucleotide 
sequences known in the art, of APETAL43-like genes have been identified from 

25 the following non-limiting list of Brassicaceae plant species and are indicated by 
their database accession number between brackets: Brassica napus 
(AF124814); Brassica rapa (AF056542); Brassica rape (AF056538); Brassica 
oleracea (AF056537); Brassica oleracea (AF056536); Brassica napus 
(AF056535); Brassica napus (AF056534); Brassica napus (AF056533); Brassica 

30 napus (AF056532); Brassica oleracea (AF034610); Brassica rapa (AF056542); 
A. thaliana (AF1 15814); A. thaliana (AF115813); A. thaliana (AF115812); A. 
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thaliana (AF1 15811); A. thaliana (AF1 15810); A. thaliana (AF1 15809); A. thaliana 
(AF1 15808); A. thaliana (AF1 15807); A. thaliana (AF1 15806); A. thaliana 
(AF1 15805); A. thaliana (AF1 15804); A. thaliana (AF1 15803); A. thaliana 
(AF1 15802); A. thaliana (AF1 15801); A. thaliana (AF1 15800); A. thaliana 

5 (AF1 15799); A. thaliana (AF1 15798); A. thaliana (D21125); A. thaliana 
(AL132971); A. lyrata (AF143380); A. thaliana (AF056541); A. thaliana 
(M86357). Nucleotide sequences known in the art, of P/S7/LLA7A-like genes 
have been identified from the following non-limiting: list of Brassicaceae plant 
species and are indicated by their database accession number between 

10 brackets: A. lyriata (AF143382); A. thaliana (AF1 98055); A. thaliana (AF1 1 5830); 
A. thaliana (AF1 15829); A. thaliana (AF1 15828); A. thaliana (AF1 15827); A. 
thaliana (AF1 15826); A. thaliana (AF1 15825); A. thaliana (AF1 15824); A. thaliana 
(AF1 15823); A. thaliana (AF1 15822); A. thaliana (AF1 15821); A. thaliana 
(AF115820); A. thaliana (AF115819); A. thaliana (AF1 15818); A. thaliana 

15 (AF115817); A. thaliana (AF115816); A. thaliana (AF115815); A. thaliana 
(D30807). 

When the nucleotide sequence of a target B-type floral organ identity gene 
endogenous to the Brassicaceae plant of interest in unknown, the isolation of a 

20 substantial part of the target B-type gene and determination of the nucleotide 
sequence thereof is well with the reach of the skilled artisan. Substantial parts of 
a target B-type floral organ identity gene may be identified and isolated e.g. by 
hybridization of DNA of the Brassicaceae plant of interest under stringent 
conditions (see Sambrook et al.) using as probe a part of at least 25 consecutive 

25 nucleotides of a B-type floral organ identity gene (preferably from a part not 
encoding the MADS box), which has been identified previously and the 
nucleotide sequence of which may be known (such as but not limited to the 
nucleotide sequences indicated above, in addition to the nucleotide sequences of 
APETALA3-\\ke genes identified from the following non-Brassicaceae species 

30 Peperomia hirta (AF052879); Liriodendron tulipifera (AF052878); Michelia figo 
(AF052877); Ranunculus bulbosus (AF052876); Dicentria eximia (AF052875); 
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Papaver nudicaule (AF052874); Papaver nudicaule (AF052873); Papaver 
clifornicum (AF052872); Pachysandra (AF052871); Pachysandra terminalis 
(AF052870); Syringa vulgaris (AF052869); Lycopersicon esculentum 
(AF052868); Oryza sativa (AF077760); Ranunculus ficaria (AF1 30870); 
Ranunculus bulbosus (AF1 30869); Sanguinaria canadensis (AF1 30868); 
Papaver nudicaule (AF052855); Ranunculus ficaria (AF052854) Oryza sativa 
(AF077760) or the nucleotide sequences of PISTILLA TA-like genes identified 
from the following non-Brassicaceae species: Hyacintus orientalis (AF134115); 
Hyacintus orientalis (AF134114); Ranunculus ficaria (AF1 30872); Sanguinara 
canadensis (AF1 30871); Piper magnificum (AF052867); Piper magnificum 
(AF052866); Peperomia hirta (AF052865); Lirodendron tulipifera (AF052864); 
Michelia figo (AF052863); Delphinium ajacis (AF052862); Syringa vulgaris 
(AF052861); Ranunculus bulbosus (AF052860); Ranunculus bulbosus 
(AF052859); Ranunculus ficaria (AF052858); Dicentra eximia (AF052857); 
Papaver nudicaule (AF052856); Papaver nudicaule (AF052855); Ranunculus 
ficaria (AF052854)). Subsequently, the identified DNA may be isolated and or 
cloned. The DNA to be hybridized may be cDNA derived from total RNA isolated 
from flower buds. 

Substantial parts of a target B-type floral organ identity genes may also be 
identified using DNA amplification methods, including PCR, using appropriate 
oligonucleotides, such as the oligonucleotide sequences having the nucleotide 
sequence of SEQ ID 6, 7, 8 or 9, as primers. Again; template DNA may be cDNA 
derived from total RNA isolated from flower buds. 

For the purpose of this invention, the "sequence identity" of two related 
nucleotide or amino acid sequences, expressed as a percentage, refers to the 
number of positions in the two optimally aligned sequences which have identical 
residues (x100) divided by the number of positions compared. A gap, i.e. a 
position in an alignment where a residue is present in one sequence but not in 
the other is regarded as a position with non-identical residues. The alignment of 
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the two sequences is performed by the Needleman and Wunsch algorithm 
(Needleman and Wunsch 1970) Computer-assisted sequence alignment 
above, can be conveniently performed using standard software program such as 
GAP which is part of the Wisconsin Package Version 10.1 (Genetics Computer 
5 Group, Madision, Wisconsin, USA) using the default scoring matrix with a gap 
creation penalty of 50 and a gap extension penalty of 3. 

For the purpose of the invention, the "complement of a nucleotide sequence 
represented in SEQ ID No: X" is the nucleotide sequence which would be 
10 capable of forming a double stranded DNA molecule with the represented 
nucleotide sequence, and which can be derived from the represented nucleotide 
sequence by replacing the nucleotides through their complementary nucleotide 
according to Chargaffs rules (AoT; GoC) and reading in the 5' to 3" direction, 
i.e in opposite direction of the represented nucleotide sequence. 

15 

In one embodiment of the invention, B-type floral organ identity specific chimeric 
genes, suitable for use in Arabidopsis or oilseed rape plants, comprise a 
nucleotide sequence having at least 70% sequence identity to a part of at least 
about 25 consecutive nucleotides of the nucleotide sequence of SEQ ID No: 1 , 

20 or its complement, or the nucleotide sequence of SEQ ID No: 2, or its 
complement. Again, longer parts, comprising at least about 50 nt, or at least 
about 100 nt, or at least about 250 nt, or at least about 500 nt, up to the 
complete nucleotide sequences of SEQ ID No 1. SEQ ID No 2 or their 
complements, can equally be used. The nucleotide sequence may have higher 

25 sequence identity to the mentioned nucleotide sequences of SEQ ID No1 , SEQ 
ID No 2 or their complements. E.g. the sequence may have at least about 80% 
sequence identity, or at least about 90% sequence identity, or about 100% 
sequence identity, quite particularly be identical to the mentioned sequences. 

30 In another embodiment of the invention, B-type floral organ identity specific 
chimeric genes comprise both a sense and antisense region, which may be 
separated by a region of unrelated nucleotide sequences (hereinafter "a spacer"), 
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and which are capable of forming a hairpin RNA molecule as described in WO 
99/93050, wherein the parts of the RNA transcribed from the sense and 
antisense nucleotide sequences are essentially complementary to each other 
and capable of forming a artificial hairpin structure with a double stranded RNA 

5 region. As also described in WO 99/93050, the efficiency of gene silencing and 
thus of reduction of phenotypic expression of the b-function may be further 
improved by including an intron in the spacer region. B-type floral organ identity 
specific chimeric genes of this type may thus comprise a first nucleotide 
sequence and a second nucleotide sequence wherein the first and second 

io nucleotide sequences are according to the embodiments mentioned above, and 
the RNA molecule parts transcribed from said first and second nucleotide 
sequence are capable of forming a double stranded RNA molecule. Several B- 
type floral organ identity specific chimeric genes of this type including a first 
nucleotide sequence comprising the nucleotide sequence of SEQ ID No 1 and a 

is second nucleotide sequence comprising the complement of the nucleotide 
sequence of SEQ ID No 1 or including a first nucleotide sequence comprising the 
nucleotide sequence of SEQ ID No 2 and a second nucleotide sequence 
comprising the complement of the nucleotide sequence of SEQ ID No 2, are also 
described in the Examples section hereinafter. 

20 

The reduction of the phenotypic expression of a floral organ identity gene 
selectively in the whorl of the petals or the primordia thereof can conveniently be 
achieved by incorporating into the B-type floral organ identity specific chimeric 
gene a promoter of a floral organ identity gene of an adjacent whorl of flower 
25 structures, such as but not limited to a promoter of an A-type floral organ identity 
gene. «. .-- . 

As used herein, an "A-type floral organ identity gene" is a floral organ identity 
gene comprising a MADS box, having an a function in the ABC model, such as 
30 the Arabidopsis gene APETALA 1 or a homologous gene from Brassicaceae 
plants. 
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In one embodiment of the invention, the promoter of an A-type floral organ 
identity gene may be a promoter derived from the APETALA1 gene of 
Arabidopsis thaliana, such as a promoter comprising the nucleotide sequence of 
5 SEQ ID No 3 or the nucleotide sequence of SEQ ID No 4. 

Alternatively, a promoter which is expressed selectively or exclusively in petals 
can also be used to achieve the phenotypic expression of a floral organ identity 
gene of the B-type selectively or exclusively in the whorl of petals (whorl 2). One 

10 example of a promoter of the latter type is a modified promoter of the APETALA3 
gene of Arabidopsis thaliana, which is expressed selectively in the whorl of petals 
of oilseed rape plants. An example of such a modified promoter would be a 
promoter comprising the sequence SEQ ID No 5 wherein the stamen-specific 
region located between the nucleotide at position 198 and the nucleotide at 

15 position 461 has been inactivated, by deletion, insertion or substitution of a 
number of consecutive nucleotides. It is thought that deleting or substituting at 
least 10 consecutive nucleotides, or at least 20 consecutive nucleotides, or at 
least 50 or 1 00 consecutive nucleotides is sufficient for inactivating the stamen- 
specific region of a promoter containing such a nucleotide sequence. It is also 

20 clear that the complete nucleotide sequence of SEQ ID 5 between the nucleotide 
at position 198 and the nucleotide at position 461 may be deleted to obtain a 
promoter which drives transcription of the downstream nucleotide sequence 
selectively or exclusively in petals of Brassicaceae plants. 

25 The promoter may be further modified, e.g. by including into the promoter 
sequence at least one enhancer region, such as the enhancer region having the 
nucleotide sequence located between the nucleotide at position 1 to the 
nucleotide at position 152 of the nucleotide sequence of SEQ ID 5. This 
enhancer region may be repeated several times, up .to at least 10 times. 

30 
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The petal specific promoter may also be combined with a promoter of an A-type 
floral organ identity gene such as a promoter derived from the APETALA 1 gene 
of Arabidopsis thaliana. 

5 Thus, in one embodiment of the invention, the B-type floral organ identity specific 
chimeric gene has a promoter region which comprises multiple repeated copies 
(e.g. 3 copies) of the nucleotide sequence of SEQ ID No. 5 from the nucleotide at 
position 1 to the nucleotide at position 152, followed by or otherwise operably 
linked to a region comprising the nucleotide sequence of SEQ ID No. 5 from the 

10 nucleotide at position 1 to the nucleotide at position 197, followed by or otherwise 
operably linked to a DNA region comprising the nucleotide sequence of SEQ ID 
No. 5 from the nucleotide at position 462 to the nucleotide at position 751, with 
the provisio that the sequence of SEQ ID No 5 from the nucleotide at position 
198 to the nucleotide at position 461 is not included. 

15 

In another embodiment of the invention the B-Jype floral organ identity specific 
chimeric gene has a promoter region which comprises the immediately above 
mentioned nucleotide sequences, followed by or otherwise operably linked to the 
nucleotide sequence of SEQ ID No 3 or SEQ ID No 4. 

20 

In yet another embodiment of the invention the B-type floral organ identity 
specific chimeric gene has a promoter region which comprises the nucleotide 
sequence of SEQ ID 5 from the nucleotide at position 1 to the nucleotide at 
position 197 and the nucleotide sequence of SEQ ID No 5 from the nucleotide at 
25 position 462 to the nucleotide at position 751 with the provisio that that the 
sequence of SEQ ID No 5 from the nucleotide at position 198 to the nucleotide 
at position 461 is not included, operably linked to the nucleotide sequence of 
SEQ ID No. 3 or 4. 



30 
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It is clear that variant promoters may be used which have essentially the same 
biological properties, in particular direct transcription of the operably linked DNA 
fragment in the same manner, but differ from the mentioned promoters in 
nucleotide sequence by deletion, substitution or insertion of nucleotides. It 
5 should also be clear that promoters of APETALAI-like genes having essentially 
the same biological properties as the described promoters but which could be 
obtained from different plant species (such as Brassica spp (comprising the 
sequence disclosed in databases under the accession number AF1 26727), or 
Oryza sativa) may be used. 

10 

In an alternative embodiment of the invention, the expression of B-type floral 
organ identity genes may be influenced indirectly by reducing the expression of 
SEPALATTA3 selectively or exclusively in the whorl 2 of the flowers. B-type 
floral organ identity specific chimeric genes suitable for this purpose may 
15 comprise the following DNA elements: 

a) a promoter expressed selectively or exclusively in whorl 2, such as but not 
limited to the modified APETALA3 promoters described elsewhere in this 
application; 

b) a sense or antisense region, or a complementary sense and antisense region, 
20 which comprises a part of a SEPALATTA3 gene sequence or is 

complementary thereto (within the ranges of sequence identity and length as 
described elsewhere in this application). The nucleotide sequence of the 
SEPALATTA3 gene from Arabidopsis is available (previously named AGL9; 
Genbank Accession number AF015552), and can be used to identify 
25 SEPALA 7TA3-like genes from other Brassicaceae plants in a manner similar 
as described elsewhere in this application for the isolation or B-type genes. 

It goes without saying that different B-type floral organ identity specific chimeric 
genes designed to reduce the phenotypic expression of different target B-type 
30 floral identity genes may be introduced simultaneously into Brassicaceae plants. 
The different target B-type target floral identity genes may be e.g. APETALA3 or 
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PISTILATTA, but may also be the different members of a multigene family of 
APETALA3 like or PISTILLATA like genes which can be found in some 
Brassicaceae plants. Equally, the different B-type floral organ identity specific 
chimeric genes to be combined may be any combination of anti-APETALA3, anti- 

5 PISTILLATA and anti-S E PALATTA3 chimeric genes. Such simultaneous 
introduction may be conveniently achieved by crossing plants each plant 
comprising one or more of the different B-type floral organ identity specific 
chimeric genes, desired to be combined, but could also be achieved by other 
means such as but not limited to transformation of a Brassicaceae plant 

10 comprising a certain B-type floral organ specific chimeric gene with another gene. 

In another embodiment of the invention, DNA molecules comprising the B-type 
floral organ identity specific chimeric genes as herein described are provided. 

15 As used herein, "a plant from the family Brassicaceae" is a plant which according 
to current botanical standards would be classified into the family Brassicaceae 
(formerly Cruciferaeae). Brassicaceae (Mustard) family members are easy to 
distinguish. They are annual or perennial plants with alternate leaves without 
stipules and simple inflorescence or branched racemes. The flowers are 

20 bilaterally symmetrical and hypogynous. With few exceptions, the flowers have 4 
petals (free) alternating with 4 sepals (free); 6 stamens (4 long and 2 short);an 
ovary of 2 united carpels with parital placentas, 2-locular through the formation of 
a membranous false septum; fruit is a dehiscent capsule opening by 2 valves. 
Brassicaceae include inter alia the following genera : Sisymbrium, Descurania, 

25 Alliaria, Arabidopsis, Myagrum, Isatis, Bunias, Erysimum, Hesperis, Malcolmia, 
Matthiola, Chorispora, Euclidium, Barbarea, Rorippa, Armoracia, Nasturtium, 
Dentaria, Cardamine, Cardaminopsis, Arabis, Lunaria, Alyssum, Berteroa, 
Lobularia, Draba, Erophila, Cochlearia, Camelina, Neslia, Capsella, Homungia, 
Thlaspi, Iberis, Lepidium, Cardaria, Coronopus, Subularia, Conringia, Diplotaxis, 

30 Brassica, Sinapsis, Eruca, Erucastrum, Coincya, Hirschfeldia, Cakile, Rapistrum, 
Crambe, Enarthrocarpus, Rhaphanus and Clausia. 
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"Oilseed rape" as used herein, should be understood to include the species 
Brassica napus, Brassica junceae and Brassica campestris. 

5 The obtained transformed plant can be used in a conventional breeding scheme, 
including cross-pollination and/or self pollination to produce more transformed 
plants with the same characteristics or to introduce the chimeric genes of the 
invention in other varieties of the same or related plant species. Seeds, including 
crushed seeds and seed cakes obtained from the transformed plants and 

10 containing the chimeric genes of the invention as a stable genomic insert are also 
encompassed by this invention. 

The following non-limiting Examples describe the construction of chimeric B-type 
floral organ identity specific chimeric genes and the use of those nucleic acids 

15 for altering flower morphology in Brassicaceae . Unless stated otherwise in the 
Examples, all recombinant DNA techniques are earned out according to standard 
protocols as described in Sambrook and Russell (2001) Molecular Cloning: A 
Laboratory Manual, Third Edition, Cold Spring Harbor Laboratory Press, NY, in 
Volumes 1 and 2 of Ausubel et al. (1994) Current Protocols in Molecular Biology, 

20 Current Protocols, USA and in Volumes I and II of Brown (1998) Molecular 
Biology LabFax, Second Edition, Academic Press (UK). Standard materials and 
methods for plant molecular work are described in Plant Molecular Biology 
Labfax (1993) by R.D.D. Cray, jointly published by BIOS Scientific Publications 
Ltd (UK) and Blackwell Scientific Publications, UK. Standard materials and 

25 methods for polymerase chain reactions can be found in Dieffenbach and 
Dveksler (1995) PCR Primer: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, and in McPherson at al. (2000) PCR - Basics: From 
Background to Bench, First Edition, Springer Verlag, Germany. 

30 All the nucleotide sequences identified in this text by their database accession 
number are hereby incorporated by reference. 
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Throughout the description and Examples, reference is made to the following 
sequences: 

SEQ ID No 1 : APETALA3-like cDNA fragment from Brassica napus. 
5 SEQ ID No 2: PISTILLATA-like cDNA fragment from Brassica napus. 

SEQ ID No 3: sequence of the AP1 promoter from Arabidopsis thaliana. 

SEQ ID No 4: sequence of the 1 .1 kb fragment of the AP1 promoter from 
Arabidopsis thaliana. 

SEQ ID No 5: sequence of an AP3 promoter from Arabidopsis thaliana. 
10 SEQ ID No 6: oligonucleotide primer BM7 

SEQ ID No 7: oligonucleotide primer BM2 

SEQ ID No 8: oligonucleotide primer BM3 

SEQ ID No 9: oligonucleotide primer BM6 
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Examples: 

Example 1 : Construction of B-type floral organ identity specific chimeric 
genes under control of a promoter of an A-type floral organ identity gene 
5 and introduction into plants. 

The 3' end of the B-type floral organ identity genes from Brassica napus, 
corresponding to APETALA3 and PISTILLATA from Arabidopsis thaliana, were 
amplified by PCR under standard conditions, using as template, cDNA made on 
10 total RNA isolated from flower buds from Brassica napus and the oligonuclotide 
primers BM 7 (SEQ ID No 6) and BM2 (SEQ ID No 7) for the amplification of the 
3* end of APETALA 3-like gene (SEQ ID No 1) and oligonucleotide primers BM3 
(SEQ ID No 8) and BM6 (SEQ ID No 9) for the PISTILLATAAxWe fragment (SEQ 
ID No ID 2). 

15 

Using standard cloning techniques, the following B-type floral organ identity 
specific chimeric genes have been constructed and introduced into T-DNA 
vectors together with appropriate selective marker gene (plant-expressible bar 
gene). 

20 

All T-DNA vectors were derived from pADP68 

pTBM4 is a T-DNA vector comprising between the T-DNA borders 

25 1 ) a B-type floral organ identity specific chimeric gene comprising the following 
operably linked DNA fragments 

• PAP1 : 1 .1 kb promoter fragment that drives the expression of the APETALA1 
gene from Arabidopsis thaliana (Gustafson-Brown et ai, 1994) having the 

30 nucleotide sequence of SEQ ID No 4; 

• BAP3: about 380 bp of the 3 '-region of the APETALA3 (AP3)-Hke MADS-box 
gene from B. napus having the sequence of SEQ ID No 1; 
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• GUS: about 250 bp EcoRV fragment of the beta- glucuronidase (uidA) gene 
from E. coli as spacer; 

• BAP3: about 380 bp of the 3'-region of the APETALA3 (AP3)-like MADS-box 
gene from B.napus in reverse orientation having the complement of the 

5 nucleotide sequence of SEQ ID No 1 ; 

• 3'35S: A 21 3 nt fragment containing the 3'end formation signals obtained from 
the Cauliflower mosaic virus (Sanfacon et a/. f 1991 ) 

2) a chimeric bar gene comprising the following operably linked DNA fragments 

10 

• PSSuAra: a 1 726bp DNA fragment of promoter and leader sequence from 
the Arabidopsis thaliana rbcS ATS1A gene (Krebbers et al. (1988), Plant 
Molec BioU 1:745-759). 

• bar: The coding sequence of the bialaphos resistance gene from 
15 Streptomyces hygroscopicus (Thompson et al M 1987) 

• 3g7: A 21 1 bp DNA fragment containing the 3' end formation signals obtained 
from the 3' untranslated region of the TL-DNA gene 7 on pTIB6S3 (Dhaese 
et al., 1983; Velten and Schell, 1985) 

20 PTBM6 is a T-DNA vector comprising between the T-DNA borders 

1 ) a B-type floral organ identity specific chimeric gene comprising the following 
operably linked DNA fragments 

25 • PAP1 : 1 .8 kb promoter fragment that drives the expression of the APETALA1 
gene from Arabidopsis thaliana (Gustafson-Brown et al., 1994) having the 
nucleotide sequence of SEQ ID No 3; 

• BAP3: about 380 bp of the 3 '-region of the APETALAZ (AP3)-like MADS-box 
gene from B. napus having the sequence of SEQ ID No 1 ; 

30 • GUS: about 250 bp EcoRV fragment of the beta- glucuronidase (uidA) gene 
from E. coli as spacer; 
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• BAP3: about 380 bp of the 3 -region of the APETALA3 (AP3)-Hke MADS-box 
gene from B.napus in reverse orientation having the complement of the 
nucleotide sequence of SEQ ID No 1 ; 

• 3 f 35S: A 213 nt fragment containing the 3*end formation signals obtained from 
the Cauliflower mosaic virus (Sanfacon etaL, 1991) 

2) a chimeric bar gene comprising the following operably linked DNA fragments 

• PSSuAra: a 1 726bp DNA fragment of promoter and leader sequence from 
the Arabidopsis thaliana rbcS ATS1A gene (Krebbers et al. (1988), Plant 
MolecBiol.11: 745-759). 

• bar: The coding sequence of the bialaphos resistance gene from 
Streptomyces hygroscopicus (Thompson et al., 1987) 

• 3'g7: A 21 1bp DNA fragment containing the 3' end formation signals obtained 
from the 3' untranslated region of the TL-DNA gene 7 on pTIB6S3 (Dhaese 
et al., 1983; Velten and Schell, 1985). 

PTBM7 is a T-DNA vector comprising between the T-DNA borders 

1 ) a B-type floral organ identity specific chimeric gene comprising the following 
operably linked DNA fragments 

• PAP1 : 1 .8 kb promoter fragment that drives the expression of the APETALA 1 
gene from Arabidopsis thaliana (Gustafson-Brown et al., 1994) having the 
nucleotide sequence of SEQ ID No 3; 

• PISTILLATA: about 250 bp of the 3-region of the PISTILLA L4-like MADS- 
box gene from B. napus having the sequence of SEQ ID No 2; 

• GUS: about 230 bp A/c/1 fragment of the beta- glucuronidase (uidA) gene from 
E. coli containing the portable second intron (IV2) of the Potato light inducible 
tissue-specific ST-LS1 gene (Vancanneyt et al. 1990) as spacer; 
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• PISTILLATA: about 380 bp of the 3 -region of the PISTILLA TA-like MADS- 
box gene from B.napus in reverse orientation having the complement of the 
nucleotide sequence of SEQ ID No 2; 

• 3'35S: A 213 nt fragment containing the 3'end formation signals obtained from 
the Cauliflower mosaic virus (Sanfacon et a/., 1991 ) 

2) a chimeric bar gene comprising the following operably linked DNA fragments 

• PSSuAra: a 1 726bp DNA fragment of promoter and leader sequence from 
the Arabidopsis thaliana rbcS ATS1A gene (Krebbers et al. (1988), Plant 
Molec Biol.1 1:745-759). 

• bar: The coding sequence of the bialaphos resistance gene from 
Streptomyces hygroscopicus (Thompson et al., 1987) 

• 3'g7: A 21 1 bp DNA fragment containing the 3' end formation signals obtained 
from the 3' untranslated region of the TL-DNA gene 7 on pTIB6S3 (Dhaese 
et al., 1983; Velten and Schell, 1985). i .„ : : , V u ;i 

PTBM8 is a T-DNA vector comprising between the T-DNA borders 

1 ) a B-type floral organ identity specific chimeric gene comprising the following 
operably linked DNA fragments 

• PAP1 : 1 .1 kb promoter fragment that drives the expression of the APETALA 1 
gene from Arabidopsis thaliana (Gustafson-Brown et al., 1994) having the 
nucleotide sequence of SEQ ID No 3; 

• PISTILLATA: about 250 bp of the 3 -region of the PISTILLA TA-\\ke MADS- 
box gene from B. napus having the sequence of SEQ ID No 2; 

• GUS: about 230 bp Nci\ fragment of the beta- glucuronidase (u/dA) gene from 
E. coli containing the portable second intron (IV2) of the Potato light inducible 
tissue-specific ST-LS1 gene (Vancanneyt et al. 1990) as spacer; 



WO 02/29028 



28 



PCT/EP01/11397 



• PISTILLATA. about 380 bp of the 3 -region of the PISTILLATA-Hke MADS- 
box gene from B.napus in reverse orientation having the complement of the 
nucleotide sequence of SEQ ID No 2; 

• 3'35S: A 21 3 nt fragment containing the 3 v ehd;fomration signals obtained from 
5 the Cauliflower mosaic virus (Sanfacon et a/., 1991 ) 

2) a chimeric bar gene comprising the following operably linked DNA fragments 

• PSSuAra: a 1726bp DNA fragment of promoter and leader sequence from 
10 the Arabidopsis thaliana rbcS ATS1A gene (Krebbers et al. (1988), Plant 

MolecBiol.11: 745-759). 

• bar: The coding sequence of the bialaphos resistance gene from 
Streptomyces hygroscopicus (Thompson et al., 1987) 

• 3'g7: A 21 1 bp DNA fragment containing the 3' end formation signals obtained 
15 from the 3' untranslated region of the TL-DNA gene 7 on pTIB6S3 (Dhaese 

et al., 1983; Velten and Schell. 1985). 

The T-DNA vectors were introduced into Agrobacterium tumefaciens C58C1Rif 
20 (pGV4000), and the resulting Agrobacterium strains were used to transform 
Arabidopsis plants according to the root explant inoculation method (Valvekens 
et al.,1988) or Brassica napus plants according to the hypocotyl explant 
inoculation method (essentially as described in De Block et al. 1989 or in WO 
00/04173) 

25 

Example 2: Analysis of the phenotype of flowers of transgenic Arabidopsis 
and Brassica napus plants. 

Different transgenic Arabidopsis lines comprising each of the chimeric constructs 
30 of Example 1 were analyzed for alteration of the phenotype of the flowers. For all 
constructs, transgenic lines were identified having double sepals and normal 
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stamens. In addition, flowers with short petals and normal stamen could be 
observed, as well as flowers with double sepals but also aberrant stamens (see 
Table 1) 



5 Table 1 . Phenotypic analysis of flowers of Arabidopsis transgenic plants 



Construct 


Total 


Wild-type 


Double 


Double 


Short 


Short 




number of 


phenotype 


sepals 


sepals 


petals 


petals 




transgenic 


flowers 


normal 


Aberrant 


normal 


carpeloid 




lines 




stamen 


stamen 


stamen 


stamen 


PTBM4 


49 


18 


9 


14 


6 


2 ! 


PTBM5 


63 


42 


3 


10 


5 


3 


PTBM8 


24 


18 


2 




4 




PTMB7 


13 


6 


1 


2 


4 





Different transgenic Brassica napus lines comprising each of the chimeric 
constructs of Example 1 or combinations thereof are analyzed for alteration of the 
phenotype of the flowers. Similar phenotypes as for transgenic Arabidopsis 
10 plants are observed. , ... ... > v . . av *.;. 

Example 3: Construction of B-type floral organ identity specific chimeric 
genes under control of a promoter of APETALA3 from A. thaliana and 
introduction into Brassica napus plants. 

Using standard cloning techniques, the following B-type floral organ identity 
specific chimeric genes have been constructed and introduced into T-DNA 
vectors together with appropriate selective marker gene (plant-expressible bar 
gene). 

20 

All T-DNA vectors were derived from pADP68 
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PTBM10 is a T-DNA vector comprising between the T-DNA borders 

5 

1 ) a B-type floral organ identity specific chimeric gene comprising the following 
operably linked DNA fragments 

• PAP3m3: modified promoter of the APETALA3 gene from Arabidopsis 
10 thaliana operably linked to the promoter of the APETALA1 gene from 

Arabidopsis thaliana prcomprising the following operably nucleotide 
sequences: 

■ the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 1 
to the nucleotide at position 197 .followed by 
15 ■ the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 
462 to the nucleotide at position 751 , such that the sequence of SEQ ID 
No 5 from the nucleotide at position 198 to the nucleotide at position 461 
is not included 

• the nucleotide sequence of SEQ ID No 3 (1 .1 kb fragment of the 
20 APETALA1 promoter), u 

• PISTILLATA: about 250 bp of the 3 -region of the PISTILLA TA-like MADS- 
box gene from B. napus having the sequence of SEQ ID No 2; 

• GUS: about 230 bp Nci\ fragment of the beta- glucuronidase (uidA) gene from 
25 E. coli containing the portable second intron (IV2) of the Potato light inducible 

tissue-specific ST-LS1 gene (Vancanneyt et al. 1990) as spacer; 

• PISTILLATA: about 380 bp of the 3 ^-region of the PISTILLA TA-like MADS- 
box gene from B.napus in reverse orientation having the complement of the 
nucleotide sequence of SEQ ID No 2; 

30 • 3'35S: A 21 3 nt fragment containing the 3'end formation signals obtained from 
the Cauliflower mosaic virus (Sanfacon et al,, 1991) 
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2) a chimeric bar gene comprising the following operably linked DNA fragments 

• PSSuAra a 1726bp DNA fragment of promoter and leader sequence from 
the Arabidopsis thaliana rbcS ATS1A gene (Krebbers et al. (1988), Plant 
Molec Biol.11: 745-759). 

• bar: The coding sequence of the bialaphos resistance gene from 
Streptomyces hygroscopicus (Thompson et al., 1987) 

• 3'g7: A 21 1 bp DNA fragment containing the 3' end formation signals obtained 
from the 3' untranslated region of the TL-DNA gene 7 on pTIB6S3 (Dhaese 
et al., 1983; Velten and Schell, 1985). 

DTBM11 is a T-DNA vector comprising between the T-DNA borders 
1 ) a B-type floral organ identity specific chimeric gene comprising the following 
operably linked DNA fragments 

• PAP3m2: modified promoter of the APETALA3 gene from Arabidopsis 
thaiiana comprising the following operably nucleotide sequences: 

• 3 copies of the nucleotide sequence of SEQ ID No. 5 from the nucleotide 
at position 1 to the nucleotide at position 152 in direct repeat followed by 

■ the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 1 
to the nucleotide at position 197,followed by 

■ the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 
462 to the nucleotide at position 751 , such that the sequence of SEQ ID 
No 5 from the nucleotide at position 198 to the nucleotide at position 461 
is not included 

• PI STILL AT A: about 250 bp of the 3-region of the PISTILLA TA-like MADS- 
box gene from B. napus having the sequence of SEQ ID No 2; 

• GUS: about 230 bp A/c/1 fragment of the beta- glucuronidase (u/oA) gene from 
E. coli containing the portable second intron (IV2) of the Potato light inducible 
tissue-specific ST-LS1 gene (Vancanneyt et al. 1990) as spacer; 



WO 02/29028 



PCT/EP01/11397 



32 

• PISTILLATA: about 380 bp of the 3-region of the PISTILLATA-Wke MADS- 
box gene from B.napus in reverse orientation having the complement of the 
nucleotide sequence of SEQ ID No 2; 

• 3'35S: A 213 nt fragment containing the 3'end formation signals obtained from 
5 the Cauliflower mosaic virus (Sanfacon et a/., 1991 ) 

2) a chimeric bar gene comprising the following operably linked DNA fragments 

• PSSu Ara: a 1 726bp DNA fragment of promoter and leader sequence from 
the Arabidopsis thaliana rbcS ATS1A gene (Krebbers et al. (1988), Plant 
MolecBiol.1 1:745-759). 

io • bar: The coding sequence of the bialaphos resistance gene from 
Streptomyces hygroscopicus (Thompson et al., 1987) 
3g7: A 21 1 bp DNA fragment containing the 3' end formation signals obtained 
from the 3' untranslated region of the TL-DNA gene 7 on pTIB6S3 (Dhaese et 
al., 1983; Velten and Schell, 1985). 

15 

DTBM12 is a T-DNA vector comprising between the T-DNA borders 
1) a B-type floral organ identity specific chimeric gene comprising the following 
operably linked DNA fragments 

20 • PAP3m: modified promoter of the APETALA3 gene from Arabidopsis 
thaliana comprising the following operably nucleotide sequences: 

■ 3 copies of the nucleotide sequence of SEQ ID No. 5 from the nucleotide 
at position 1 to the nucleotide at position 152 in direct repeat followed by 

■ the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 1 
25 to the nucleotide at position 197,followed by 

■ the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 
462 to the nucleotide at position 751 , such that the sequence of SEQ ID 
No 5 from the nucleotide at position 198 to the nucleotide at position 461 
is not included 

30 ■ the nucleotide sequence of SEQ ID No 3 (1 .1 kb fragment of the 
APETALA1 promoter). 
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• PISTILLATA: about 250 bp of the 3'-region of the PIS TILLA 7A-like MADS- 
box gene from 8. napus having the sequence of SEQ ID No 2; 

• GUS: about 230 bp A/c/1 fragment of the beta- glucuronidase (u/dA) gene from 
E. coli containing the portable second intron (IV2) of the Potato light inducible 
tissue-specific ST-LS1 gene (Vancanneyt et al. 1990) as spacer; 

• PISTILLATA: about 380 bp of the 3'-region of the PISTILLA TAAike MADS- 
box gene from B.napus in reverse orientation having the complement of the 
nucleotide sequence of SEQ ID No 2; 

• 3'35S: A 21 3 nt fragment containing the 3'end formation signals obtained from 
the Cauliflower mosaic virus (Sanfacon etal., 1991) 

2) a chimeric bar gene comprising the following operably linked DNA fragments 

• PSSuAra: a 1 726bp DNA fragment of promoter and leader sequence from 
the Ambidopsis thaliana rbcS ATS1A gene (Krebbers et al. (1988), Plant 
Molec Biol.11: 745-759). 

• bar: The coding sequence of the bialaphos resistance gene from 
Streptomyces hygroscopicus (Thompson et al., 1987) 

• 3'g7: A 21 1 bp DNA fragment containing the 3' end formation signals obtained 
from the 3' untranslated region of the TL-DNA gene 7 on pTIB6S3 (Dhaese 
et al.. 1983; Velten and Schell, 1985). 

DTBM13 is a T-DNA vector comprising between the„T-DNA borders 
1 ) a B-type floral organ identity specific chimeric gene comprising the following 
operably linked DNA fragments 

• PAP3m: modified promoter of the APETALA3 gene from Arabidopsis 
thaliana operably linked to the APETALA1 promoter comprising the following 
operably nucleotide sequences: 

■ 3 copies of the nucleotide sequence of SEQ ID No. 5 from the nucleotide 
at position 1 to the nucleotide at position 1 52 in direct repeat followed by 
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• the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 1 
to the nucleotide at position 197 .followed by 

■ the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 
462 to the nucleotide at position 751 , such that the sequence of SEQ ID 

5 No 5 from the nucleotide at position 198 to the nucleotide at position 461 

is not included 

■ the nucleotide sequence of SEQ ID No 3(1.1 kb fragment of the 
APETALA1 promoter). 

• BAP3: about 380 bp of the 3 -region of the APETALA3 (AP3)-like MADS-box 
10 gene from B. napus having the sequence of SEQ ID No 1 ; 

• GUS: about 250 bp EcoRV fragment of the beta- glucuronidase (uidA) gene 
from E. coli as spacer; 

• BAP3: about 380 bp of the 3 -region of the APETALA3 (AP3)-like MADS-box 
gene from B.napus in reverse orientation having the complement of the 

15 nucleotide sequence of SEQ ID No 1 ; 

• 3'35S: A 21 3 nt fragment containing the 3'end formation signals obtained from 
the Cauliflower mosaic virus (Sanfacon et a/., 1991 ) 

2) a chimeric bar gene comprising the following operably linked DNA fragments 
20 • PSSu Ara: a 1 726bp DNA fragment of promoter and leader sequence from 
the Arabidopsis thaliana rbcS ATS1A gene (Krebbers et al. (1988), Plant 
Molec Biol.11: 745-759). 

• bar: The coding sequence of the bialaphos resistance gene from 
Streptomyces hygroscopicus (Thompson et al., 1987) 

25 • 3g7: A 21 1 bp DNA fragment containing the 3' end formation signals obtained 
from the 3' untranslated region of the TL-DNA gene 7 on pTIB6S3 (Dhaese 
et al., 1983; Velten and Schell, 1985). 
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PTBM14 is a T-DNA vector comprising between the T-DNA borders 

1 ) a B-type floral organ identity specific chimeric gene comprising the following 
operably linked DNA fragments 

• PAP3m2: modified promoter of the APETALA3 gene from Arabidopsis 
thaliana comprising the following operably nucleotide sequences: 

■ 3 copies of the nucleotide sequence of SEQ ID No. 5 from the nucleotide 
at position 1 to the nucleotide at position 152 in direct repeat followed by 

• the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 1 
to the nucleotide at position 197,followed by 

■ the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 
462 to the nucleotide at position 751 , such that the sequence of SEQ ID 
No 5 from the nucleotide at position 198 to the nucleotide at position 461 
is not included; 

• BAP3: about 380 bp of the 3 -region of the APETALA3 (AP3)-Hke MADS-box 
gene from B. napus having the sequence of SEQ ID No 1 ; 

• GUS: about 250 bp EcoRV fragment of the beta- glucuronidase (u/dA) gene 
from E. coli as spacer; 

. BAP3: about 380 bp of the 3 -region of the APETALA3 (AP3)-like MADS-box 
gene from B.napus in reverse orientation having the complement of the 
nucleotide sequence of SEQ ID No 1 ; 

• 3'35S: A 213 nt fragment containing the 3'end formation signals obtained from 
the Cauliflower mosaic virus (Sanfacon et a/., 1991) 

2) a chimeric bar gene comprising the following operably linked DNA fragments 

• PSSuAra: a 1 726bp DNA fragment of promoter and leader sequence from 
the Arabidopsis thaliana rbcS ATS1A gene (Krebbers et al. (1988), Plant 
Molec Bid.11: 745-759). 

• bar: The coding sequence of the bialaphos resistance gene from 
Streptomyces hygroscopicus (Thompson et al., 1987) 
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• 3'g7: A 21 1 bp DNA fragment containing the 3' end formation signals obtained 
from the 3' untranslated region of the TL-pNAgene 7 on pTIB6S3 (Dhaese 
et al. f 1983; Velten and Schell, 1985). 

5 pTBM15 is a T-DNA vector comprising between the T-DNA borders 

1 ) a B-type floral organ identity specific chimeric gene comprising the following 
operably linked DNA fragments 

10 • PAP3m3: modified promoter of the APETALA3 gene from Arabidopsis 
thaliana operably linked to the promoter of the APETALA1 gene from 
Arabidopsis thaliana prcomprising the following operably nucleotide 
sequences: 

■ the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 1 
15 to the nucleotide at position 197,followed by 

■ the nucleotide sequence of SEQ ID No. 5 from the nucleotide at position 
462 to the nucleotide at position 751, such that the sequence of SEQ ID 
No 5 from the nucleotide at position 198 to the nucleotide at position 461 
is not included, followed by 

20 ■ the nucleotide sequence of SEQ ID No 3 (1 .1 kb fragment of the 
APETALA1 promoter). 

• BAP3: about 380 bp of the 3 '-region of the APETALA3 (AP3)-Hke MADS-box 
gene from B. napus having the sequence of SEQ ID No 1; 

• GUS: about 250 bp EcoRV fragment of the beta- glucuronidase (u/c/A) gene 
25 from E. coli as spacer; 

• BAP3: about 380 bp of the 3 '-region of the APETALA3 (AP3)-like MADS-box 
gene from B.napus in reverse orientation having the complement of the 
nucleotide sequence of SEQ ID No 1; 

• 3'35S: A 213 nt fragment containing the 3'end formation signals obtained from 
30 the Cauliflower mosaic virus (Sanfacon et a/., 1991 ) 

2) a chimeric bar gene comprising the following operably linked DNA fragments 
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• PSSuAra. a 1726bp DNA fragment of promoter and leader sequence from 
the Arabidopsis thaliana rbcS ATS1A gene (Krebbers et al. (1988), Plant 
Molec Biol. 1 1 : 745-759). 

• bar: The coding sequence of the bialaphos resistance gene from 
Streptomyces hygroscopicus (Thompson et al., 1987) 

• 3'g7: A 21 1 bp DNA fragment containing the 3' end formation signals obtained 
from the 3' untranslated region of the TL-DNA gene 7 on pTIB6S3 (Dhaese 
et al.. 1983; Velten and Schell, 1985). 

The T-DNA vectors are introduced into Agrobacterium tumefaciens C58C1 Rif 
(pGV4000), and the resulting Agrobacterium strains are used to transform 
Brassica napus plants according to the hypocotyl explant inoculation method 
(essentially as described in De Block et al. 1989 or in WO 00/04173). 

Different transgenic Brassica napus lines comprising each of the chimeric 
constructs of Example 3 are analyzed for alteration of the phenotype of the 
flowers. Flowers with double sepals or sepaloids and normal stamens are 
observed for a number of the transgenic lines. 
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Claims 

1 . A method for obtaining a plant from the family Brassicaceae with altered floral 
morphology comprising the steps of 

a. introducing into a cell of said plant a B-type floral organ identity specific 
chimeric gene to generate a transgenic cell; and 

b. regenerating a transgenic plant from said transgenic cell; 
characterized in that said B-type floral organ identity specific chimeric gene is 
capable of reducing or inhibiting the phenotypic expression of a target B-type 
floral organ identity gene selectively in the whorl 2 of a flower or flower primordia 
of said transgenic plants and that said flowers of said transgenic plant have 

i) an additional whorl of sepals or sepaloids; 

ii) no whorl of petals; and 

Hi) a whorl of functional stamens 
when compared to flowers of normal untransformed plants. 

2. The method of claim 1 , wherein said B-type floral organ identity specific gene 
comprises a first nucleotide sequence having at least 70% sequence identity 
to a part of at least 25 consecutive nucleotides of the nucleotide sequence of 
a target B-type floral organ identity gene of said plant; or comprising a first 
nucleotide sequence having at least 70% sequence identity to the 
complement of a part of at least 25 consecutive nucleotides of the nucleotide 
sequence of a target B-type floral organ identity gene of said plant with the 
provisio that said nucleotide sequence of said target B-type floral organ 
identity gene does not comprise the MADS box encoding nucleotide 
sequence. 

. 3. The method of claim 2, wherein said target B-type floral organ identity gene is 
selected from the group of APETALA3, PISTILLATA, a gene homologous to 
APETALA3 and a gene homologous to PISTILLATA. 
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4. The method of claim 2 or claim 3 f wherein said first nucleotide sequence has 
at least 70% sequence identity to a nucleotide sequence of at least 25 
consecutive nucleotides selected from the group consisting of the nucleotide 
sequence of SEQ ID No 1, the nucleotide sequence of SEQ ID No 2, the 
complement of the nucleotide sequence of SEQ ID 1 and the complement of 
the nucleotide sequence of SEQ ID 2. 

5. The method of any one of claims 2 to 4, wherein said B-type floral organ 
identity specific chimeric gene comprises a second nucleotide sequence 
having at least 70% sequence identity to a part of at least 25 consecutive 
nucleotides of the nucleotide sequence of a target B-type floral organ identity 
gene of said plant or complementary to said nucleotide sequence of said 
target B-type floral organ identity gene of said plant, and wherein the RNA 
molecule generated upon transcription of said B-type floral organ identity 
gene-silencing chimeric gene is capable of forming a double-stranded region 
between the regions of said transcribed RNA molecule transcribed from said 
first and second nucleotide sequence. 

6. The method of claim 5, wherein said B-type floral organ identity specific 
chimeric gene comprises a spacer region between said first and said second 
nucleotide sequence. ■tf-pfo 

7. The method of claim 6, wherein said spacer region comprises an intron. 

8. The method of claim 5, wherein said first nucleotide sequence comprises the 
nucleotide sequence of SEQ ID No 1 and said second nucleotide sequence 
comprises the complement of SEQ ID No 1 . 

9. The method of claim 5, wherein said first nucleotide sequence comprises the 
nucleotide sequence of SEQ ID No 2 and said second nucleotide sequence 
comprises the complement of SEQ ID No 2. 
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10. The method of any one of claims 1 to 9, wherein said B-type floral organ 
identity specific chimeric gene comprises a promoter of an A-type floral organ 
identity gene. 

5 

11. The method of claim 10, wherein said promoter of an A-type floral organ 
identity gene is a promoter from APETALA1 or a gene homologous to 
APETALA1. 

io 12. The method of claim 10, wherein said promoter of an A-type floral organ 
identity gene comprises the nucleotide sequence of SEQ ID No 3. 

13. The method of claim 10, wherein said promoter of an A-type floral organ 
identity gene comprises the nucleotide sequence of SEQ ID No 4. 

15 

14. The method of any one of claims 1 to 9, wherein said B-type floral organ 
identity specific chimeric gene comprises a promoter directing transcription of 
said B-type floral organ identity specific chimeric gene selectively in whorl 2 of 
flowers or flower primordia when introduced into cells of plants of the genus 

20 Brassica. 

15. The method of claim 14, wherein said promoter is a modified promoter from 
APETALA 3 gene from Arabidopsis thaliana. 

25 16. The method of claim 15, wherein said promoter comprises the nucleotide 
sequence of SEQ ID No 5 from the nucleotide at position 1 to the nucleotide 
at position 152 and the nucleotide sequence of SEQ ID No 5 from the 
nucleotide at position 462 to the nucleotide position at position 751 with the 
provisio that said promoter does not comprise the nucleotide sequence of 

30 SEQ ID No 5 from the nucleotide at position 198 to the nucleotide at position 
461. 
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17. The method of any one of claims 1 to 16, wherein said plant is a plant from 
the genus Brassica or a closely related genus. 

5 1 8. The method of claim 1 7, wherein said plant is oilseed rape. 

19. The method of any one of claims 1 to 18, further comprising the step of 
c. obtaining progeny plants from said transgenic plant. 

10 20. A DNA molecule comprising a B-type floral organ identity specific chimeric 
gene, characterized in that upon introduction into the genome of a plant of the 
family Brassicaceae of said B-type floral organ identity specific chimeric gene, 
said B-type floral organ identity specific chimeric gene is capable of reducing 
or inhibiting the phenotypic expression of a target B-type floral organ identity 

15 gene selectively in whorl 2 of a flower or flower primordia and said flowers of 
said transgenic plant have 

i) an additional whorl of sepals or sepaloids; 

ii) no whorl of petals; and 

iii) a functional whorl of stamens 

20 when compared to flowers of normal untransformed plants. 

21. The DNA molecule of claim 20, wherein said B-type floral organ identity 
specific gene comprises a first nucleotide sequence having at least 70% 
sequence identity to a part of at least .25 consecutive nucleotides of the 

25 nucleotide sequence of a target B-type floral organ identity gene of said plant; 
or comprising a first nucleotide sequence having at least 70% sequence 
identity to the complement of a part of at least 25 consecutive nucleotides of 
the nucleotide sequence of a target B-type floral organ identity gene of said 
plant with the provisio that said nucleotide sequence of said target B-type 

30 floral organ identity gene does not comprise the MADS box encoding 
nucleotide sequence. 
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22. The DNA molecule of claim 21, wherein said target B-type floral organ identity 
gene is selected from the group of APETALA3, PISTILLATA, a gene 
homologous to APETALA3 and a gene homologous to PISTILLATA. 

23. The DNA molecule of claim 21 or claim 22, wherein said first nucleotide 
sequence has at least 70% sequence identity to a nucleotide sequence of at 
least 25 consecutive nucleotides selected from the group consisting of the 
nucleotide sequence of SEQ ID No 1 , the nucleotide sequence of SEQ ID No 
2, the complement of SEQ ID No 1 and the complement of SEQ ID No 2. 

24. The DNA molecule of any one of claims 20 to 23, wherein said B-type floral 
organ identity specific chimeric gene comprises a second nucleotide 
sequence having at least 70% sequence identity to a part of at least 25 
consecutive nucleotides of the nucleotide sequence of a target B-type floral 
organ identity gene of said plant or complementary to said nucleotide 
sequence of said target B-type floral organ identity gene of said plant, and 
wherein the RNA molecule generated upon transcription of said B-type floral 
organ identity gene-silencing chimeric gene is capable of forming a double- 
stranded region between the regions of said transcribed RNA molecule 
transcribed from said first and second nucleotide sequence. 

25. The DNA molecule of claim 24, wherein said B-type floral organ identity 
specific chimeric gene comprises a spacer region between said first and said 
second nucleotide sequence. 

26. The DNA molecule of claim 25, wherein said spacer region comprises an 
intron. 



27. The DNA molecule of claim 24, wherein said first nucleotide sequence 
comprises the nucleotide sequence of SEQ ID No 1 and said second 
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nucleotide sequence comprises the complement of nucleotide sequence of 
SEQ ID No 1. 

28. The DNA molecule of claim 24, wherein said first nucleotide sequence 
5 comprises the nucleotide sequence of SEQ ID No 2 and said second 

nucleotide sequence comprises the complement of nucleotide sequence of 
SEQ ID No 2. 

29. The DNA molecule of any one of claims 20 to 28 wherein said B-type floral 
10 organ identity specific chimeric gene comprises a promoter of an A-type floral 

organ identity gene. 

30. The DNA molecule of claim 29, wherein said promoter of an A-type floral 
organ identity gene is a promoter from APETALA1 or a gene homologous to 

15 APETALA1. 

31. The DNA molecule of claim 30, wherein said promoter of an A-type floral 
organ identity gene comprises the nucleotide sequence of SEQ ID No 3. 

20 32. The DNA molecule of claim 30, wherein said promoter of an A-type floral 
organ identity gene comprises the nucleotide sequence of SEQ ID No 4. 

33. The DNA molecule of any one of claims 20 to 28, wherein said B-type floral 
organ identity specific chimeric gene comprises a promoter directing 

25 transcription of said B-type floral organ identity specific chimeric gene 
selectively in whorl 2 of flowers or flower primorcjia vyhen introduced into cells 
of plants of the genus Brassica. 

34. The DNA molecule of claim 33, wherein said promoter is a modified promoter 
30 from APETALA 3 gene from Arabidopsis. 
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35. The DNA molecule of claim 35, wherein said promoter comprises the 
nucleotide sequence of SEQ ID No 5 from the nucleotide at position 1 to the 
nucleotide at position 152 and the nucleotide sequence of SEQ ID No 5 from 
the nucleotide at position 462 to the nucleotide position at position 751 with 

5 the provisio that said promoter does not comprise the nucleotide sequence of 
SEQ ID No 5 from the nucleotide at position 198 to the nucleotide at position 
461. 

36. A plant from the family Brassicaceae comprising a DNA molecule of any one 
io of claims 20 to 35 integrated into the genome of the cells of said plant. 

37. The plant of claim 36, wherein said plant is a plant from the genus Brassica or 
a closely related genus. 

15 38.The plant of claim 37, wherein said plant is oilseed rape. 

39. A seed of the plant of any one of claims 36 to 38, comprising a DNA molecule 
of any one of claims 20 to 35. 

20 40. The seed of claim 39, which is a crushed seed. 

41 . Use of a DNA molecule according to any one of claims 20 to 35 to obtain a 
plant of the family Brassicaceae with altered flowers, said flowers having 
i) an additional whorl of sepals or sepaloids; 
25 ii) no whorl of petals; and 

iii) a functional whorl of stamens 

when compared to flowers of normal untransfprmed plants. 
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SEQUENCE LISTING 

<110> Aventis CropScience N.V. 
De Block, Marc 

Byzova, Marina • ^ u '/C-Vb" ' ; « ■ 

<120> Brassicaceae with altered floral development 

<130> PETSEP WOl 

<140> 
<141> 

<150> 00203420.5 
<151> 2000-10-03 

<160> 9 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 382 
<212> DNA 

<213> Artificial Sequence •..«>••• 
<220> 

<223> Description of Artificial Sequence: APETALA 3 
-like cDNA fragment from Brassica napus 

<400> 1 

cgg.actcaga ttaagcagag gctaggtgag tgtttggacg aacttgatat tcaggagctt 60 
cgtagtcttg aggaagaaat ggaaaacact ttcaaactcg ttcgtgagcg caagtttaaa 12 0 
tcccttggga atcagttcga aaccaccaag aaaaagaaca aaagtcaaca agacatacaa 180 
aagaatctca tacatgagct ggagctaaga gcagaagatc ctcactatgg cctagtagac 240 
aatggaggcg actacgattc ggttcttgga tatcaaatcg aaggatcacg tgcttacgct 3 00 
cttcgttacc atcagaacca tcatcaccat taccccaacc atacccttca tgcaccatct 360 
gcctctgaca tcattacctt cc 382 

<210> 2 
<211> 257 
<212> DNA 

<213> Artificial Sequence . 
<220> 

<223> Description of Artificial Sequence : PISTIL.LATA- like 
cDNA fragment from Brassica napus 

<400> 2 
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gggagaagat atacagtctc tcaacttaaa 
acatggcctc gacaaagtcc gagaccacca 
tgagaaaatg atggtagagg agaatcggca 
ggaaatagct agcaacgcaa gaggaatgat 
tagagtgcaa ccgattc 



aaacctgatg gccttttttc atgccgttga 60 
gatggagtac cttatgacaa aaaagagaaa 120 
actcagtttc cagctgcaac agcaagagat 180 
gatgagagat catgatgcgc aatttggata 24 0 

257 



<210> 3 
<211> 1838 
<212> DNA 

<213> Arabidopsis thaliana 



<220> 

<221> misc_feature 

<222> (1) . . (1838) 

<223> APETALA 1 promoter (1.8kb) 

<400> 3 

aattccccgg atctccatat acatatcata 
tttctctata cactatcttt taacttatgt 
taaatttggt tatataacca cgaccatttc 
atataacttc tatgaagaaa atacataaag 
gcataggttc atttggcata gaagaaatat 
attttactat attacaattt ttctttttac 
tgattgttgt tttgatgaaa caataatacc 
tatttataaa ttacaaagta aatcaaataa 
gagaagaaat ggaaaaaaca gaaagaaatt 
acctgagata tttaaagtaa tcaactaaaa 
aatgtggtcc aactttcact taattatatt 
ttaagcaaat gccgaatctg tttttttttt 
gttttttcac acttgaagat ctcaaaagag 
agaagtgatt aagcaaattg agcaaaggtt 
catcaaattg tatatatatg gttgttttat 
ctaaatatgt ttgattgacg aaaaaaaata 
atcaactgat ttttgtcctg atcatctaca 
tctttgacaa aatactattt ttgggtttga 
tcttcctctc tttccttaaa tcctgcgtac 
gtcaattggt tctcagctct accaaaaaca 
ttcactgtta cagctgagaa cattaaatat 
tcaccttatt ccaaaagaat agtgtaaaat 
attaaaaata gatattttgg ttgggttcag 
ccgccgtcaa tgcaaagcga aggtgacact 
acttacccat ttctcttcac gagacgtcga 
gtccgcagtt ttattaaaaa atcatggacc 
gtcgacacgc aaatcctaaa gaaaccactg 
agcttttccc taaaaccact cttacccaaa 
aacacaagtc tttttataaa ggaaagaaag 
tctgagctct tctttatatc tctcttgtag 
ttcttttaga gtaagaagtt tcttaaaaaa 



catatatata gtatactatc tttagactga 60 
atcgtttcaa aactcaggac gtacatgttt 120 
aagtatatat gtcataccat accagattta 180 
ttggattaaa atgcaagtga catcttttta 240 
ataactaaaa atgaacttta acttaaatag 300 
atggtctaat ttatttttct aaaattagta 360 
gtaagcaata gttgctaaaa gatgtccaaa 420 
ggaagaagac acgtggaaaa caccaaataa 480 
ttttaacaag aaaaatcaat tagtcctcaa 54 0 
caggaacact tgactaacaa agaaatttga 600 
attttctcta aggcttatgc aatatatgcc 660 
ttgttattgg atattgactg aaaataaggg 720 
aaaactatta caacggaaat tcattgtaaa 780 
tttatgtggt ttatttcatt atatgattga 840 
ttaacaatat atatggatat aacgtacaaa 900 
tatgtatgtt tgattaacaa catagcacat 960 
acttaataag aacacacaac attgaaaaaa 1020 
aattttgaat acttacaatt atcttctcga 1080 
aaatccgtcg acgcaataca ttacacagtt 1140 
tctattgcca aaagaaaggt ctatttgtac 12 00 
aataagcaaa tttgataaaa caaagggttc 1260 
agggtaatag agaaatgtta ataaaaggaa 1320 
attttgtttc gtagatctac agggaaatct 1380 
tggggaagga ccagtggtcc gtacaatgtt 144 0 
taatcaaatt gtttattttc atatttttaa 1500 
cgacattagt acgagatata ccaatgagaa 1560 
tggtttttgc aaacaagaga aaccagcttt 1620 
tctctccata aataaagatc ccgagactca 1680 
aaaaactttc ctaattggtt cataccaaag 174 0 
tttcttattg ggggtctttg ttttgtttgg 1800 
ggatcaac 183 8 
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<210> 4 
<211> 1177 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: sequence of 

the 1.1 kb fragment of the APETALA1 promoter from 
Arabidopsis thaliana V 

<400> 4 

taagcaaatg ccgaatctgt tttttttttt tgttattgga tattgactga aaataagggg 60 
ttttttcaca cttgaagatc tcaaaagaga aaactattac aacggaaatt cattgtaaaa 120 
gaagtgatta agcaaattga gcaaaggttt ttatgtggtt tatttcatta tatgattgac 180 
atcaaattgt atatatatgg ttgttttatt taacaatata tatggatata acgtacaaac 240 
taaatatgtt tgattgacga aaaaaaatat atgtatgttt gattaacaac atagcacata 3 00 
tcaactgatt tttgtcctga tcatctacaa cttaataaga acacacaaca ttgaaaaaat 360 
ctttgacaaa atactatttt tgggtttgaa attttgaata cttacaatta tcttctcgat 42 0 
cttcctctct ttccttaaat cctgcgtaca aatccgtcga cgcaatacat tacacagttg 4 80 
tcaattggtt ctcagctcta ccaaaaacat ctattgccaa aagaaaggtc tatttgtact 540 
tcactgttac agctgagaac attaaatata ataagcaaat ttgataaaac aaagggttct 600 
caccttattc caaaagaata gtgtaaaata gggtaataga gaaatgttaa taaaaggaaa 660 
ttaaaaatag atattttggt tgggttcaga ttttgtttcg tagatctaca gggaaatctc 720 
cgccgtcaat gcaaagcgaa ggtgacactt ggggaaggac cagtggtccg tacaatgtta 780 
cttacccatt tctcttcacg agacgtcgat aatcaaattg tttattttca tatttttaag 840 
tccgcagttt tattaaaaaa tcatggaccc gacattagta cgagatatac caatgagaag 900 
tcgacacgca aatcctaaag aaaccactgt ggtttttgca aacaagagaa accagcttta 960 
gcttttccct aaaaccactc ttacccaaat ctctccataa ataaagatcc cgagactcaa 102 0 
acacaagtct ttttataaag gaaagaaaga aaaactttcc taattggttc ataccaaagt 1080 
ctgagctctt ctttatatct ctcttgtagt ttcttattgg gggtctttgt tttgtttggt 114 0 
tcttttagag taagaagttt cttaaaaaag gatcaac 1177 

<210> 5 
<211> 751 
<212> DNA 

<213> Arabidopsis thaliana 
<220> 

<22 3> sequence of the Apetala 3 promoter region from 
Arabidopsis thaliana 



<400> 5 

gatggactgt ttggagttag gaccaaacat 
tgtgattcct tcttaaaccc taggggtaat 
gcaaatccgg gaaattattg taatcatttg 
gaagtgacga ttaatccaaa catatatatc 
aaaagtagaa tattggcttt taacaccaat 



tatctacaaa caaagacttt tctcctaact 60 
attctatttt ccaaggatct ttagttaaag 120 
gggaaacata taaaagattt gagttagatg 180 
tctttcittct tatttcccaa attaacagac 24 0 
ataaaaactt gcttcacacc taaacacttt 300 
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tgtttacttt agggtaagtg caaaaagcca 
acaaacgccg ttaagtttgt caccgtctaa 
cgttaataaa ttgacgaaaa gcaaaccaag 
gtgacaattg atttaagcag tgtcttgtaa 
acagtgtctt gtaattaaaa aaatcaactt 
tcatcaactt ctgaacttac ctttcatgga 
aagtggaccc tttacttctt caactccatc 
attatatctc ttgtcctctc caccaaatct 



accaaatcca cctgcactga tttgacgttt 360 
acaaaaacaa agtagaagct aacggagctc 420 
tttttagctt tggtccccct cttttaccaa 480 
ttatacaacc atcgatgtcc gttgatttaa 540 
tacataaatg gaaaatttat cacttagttt 600 
ttaggcaata ctttccattt ttagtaactc 660 
tctctctttc tatttcactt ctttcttctc 720 



<210> 6 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: 
Oligonucleotide primer BM7 

<400> 6 

cggactcaga ttaagcagag gc 

<210> 7 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Oligonucleotide 
primer BM2 

<400> 7 

ggaaggtaat gatgtcagag gc 

<210> 8 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Oligonucleotide 
primer BM3 

<400> 8 

gggagaagat atacagtctc tcaac 



<210> 9 
<211> 22 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Oligonucleotide 
primer BM6 



<400> 9 

gaatcggttg cactctatat cc 
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